In the next year, approximately 250,000 women will be diagnosed with breast cancer in the United States [1] . The majority of these women will be recommended partial or total mastectomy as a component of their cancer treatment. The goal of breast reconstruction is to rebuild and/or reshape the breast mound to correct the mastectomy defect for physical and psychological reasons. There are a number of reconstructive options available to patients who desire breast reconstruction, including implant-based procedures, autologous tissue reconstructions, or a combination. Additionally, oncoplastic procedures are a recent advance in the field of breast-conserving therapies that further refines our ability to resect breast cancer while preserving the form of the breast. Because planning the reconstruction depends on the type of resection performed and the amount of tissue remaining after mastectomy, the breast surgeon, reconstructive surgeon, and the patient collectively should discuss reconstructive goals and how these can be achieved after the patient's oncologic surgery.
Introduction
Breast cancer is the most common malignancy affecting women in the United States; it is estimated that one in eight will develop breast cancer in their lifetime [1] . The mainstay of treatment is surgical removal of the cancer and elimination of possible disease foci with radiation, chemotherapy, hormonal therapy, or a combination of the above [1, 2] . The type of mastectomy that is performed depends on multiple factors, such as the size and location of the tumor, tumor response to induction chemotherapy, the size of the patient's breast compared with the cancer, and patient desires [2] . For patients with early-stage disease, breast-conserving therapies (BCT), including partial mastectomy/lumpectomy, coupled with local radiation, have been favored over total mastectomy. This approach has been shown to have equal survival rates as total mastectomy with improved aesthetic results for the breast [2] [3] [4] .
Regardless of the type of mastectomy, the goal of breast reconstruction is to recreate the form and symmetry of the patient's breasts so that her body image is restored and she is satisfied with the overall appearance of her breasts. It is critical that the breast surgeon, reconstructive surgeon, and patient collectively discuss reconstructive goals and how these can be achieved after the patient's oncologic surgery.
General Considerations
Breast reconstruction has been shown to have a positive impact on quality of life following mastectomy. It has been proven to be safe and is not associated with an increased risk of cancer recurrence nor does reconstruction interfere with detection of recurrence [5-13, 14•] . Advanced-stage breast cancer is not a contraindication to breast reconstruction after mastectomy; several studies have shown reconstruction to be safe and effective for these patients [15, 16] . Despite this evidence, rates of immediate breast reconstruction are lower than expected and range in the literature from 10-40 % [17] [18] [19] [20] [21] 22 •, 23•, 24] . It is important that patients are given the option to discuss breast reconstruction as part of their preoperative planning [25•] .
The need for postoperative radiation therapy is a relative contraindication for immediate breast reconstruction using certain techniques. Patients with significant comorbidities who are not good surgical candidate typically do not undergo reconstruction. Another relative contraindication to breast reconstruction is unrealistic patient expectations. Thus, an important component of the consultation and evaluation process is addressing patient desires and expectations. Patient support groups and pre/postoperative photos will help the patient understand the various options.
Reconstructive Options
Numerous reconstructive options exist and include implant, autologous tissue flaps, or a combination of the two. Choice of the most appropriate reconstructive option depends on what is being matched with the opposite breast, patient comorbidities, the patient's body habitus, and often the surgeons' preference [26, 27•, 28-31] . Many patients will be good candidates for several different techniques, and in some scenarios, a combination of these techniques may be used to recreate the breast after mastectomy.
Implant-Based Reconstruction
Implant-based reconstruction often is preferred in that it eliminates the potential for donor site morbidity and has a quicker recovery. Younger patients and bilateral defects are more commonly reconstructed using implants (Fig. 1) . These devices are typically placed beneath the pectoralis major muscle and are filled with saline or silicone gel [32] . The prosthesis-based approach requires that the patient have enough healthy tissue to cover the implant safely without excessive tension on the overlying skin. With the increasing use of skin-sparing mastectomy and nipplesparing mastectomy in the management of patients with early-stage breast cancer, this type of reconstruction has become more popular. If patients do not have adequate tissue coverage after mastectomy, a tissue-expander can be used to stretch the skin envelope gradually before placement of a prosthetic implant as a "two-stage" approach [32] . This approach using a tissue expander initially and then a few months later replacing it with the definitive implant is more common and allows revision in size and shape at the secondary procedure [31, [33] [34] [35] [36] . Acellular dermal matrices (ADM) are used to control the expander pocket, position the pectoralis muscle, and provide coverage in the lower pole. Autologous flaps, such as the latissimus dorsi, often are performed in conjunction with expander reconstruction, especially in patients with poor skin quality, to improve coverage over the prosthesis [31] .
The basic surgical technique for implant-based reconstruction after mastectomy involves the creation of a submuscular pocket that will cover the implant. This pocket is created either by elevating the pectoralis major muscle and reattaching its inferior edge to the inferior mastectomy skin flap (dual plan with Marrionette sutures) or an acellular dermal matrix sling (dual plane with ADM). The third option is total muscular coverage by creating a complete submuscular-subfascial pocket. This is performed by elevating the pectoralis major muscle from lateral to medial, raising the medial border of the serratus anterior muscle, and extending this submuscular pocket slightly below the inframammary fold by raising a small amount of anterior rectus sheath. The implant or tissue expander is then positioned within the pocket and secured.
When deciding on the best prosthesis to use, both saline and silicone implants are safe; silicone implants are not associated with increased risks of breast cancer, systemic diseases, such as rheumatoid arthritis and connective tissue disease, or gynecologic disorders as was once reported [37-39, 40•] . Compared with saline, silicone implants have a consistency that more closely resembles adipose tissue and the feel of the natural breast [40•] .
The relative contraindications to implant-based reconstruction includes radiation to the chest wall, either before Her result is shown 1 year after placement of 475 cc of moderate profile plus gel-filled implants and nipple areolar reconstruction or after breast resection, because this has been shown to have increased complications, including implant extrusion [41] [42] [43] . Others have demonstrated that patients with hypertension, obesity, or current smoking had a higher risk of implant extrusion after reconstruction, in addition to having a higher risk of other complications after implant placement [44, 45] .
The major advantages of implant-based reconstructions compared with autologous reconstructions are that the operations are shorter and potentially safer for the patient. In addition, patients are not at risk of donor-site pain or complications that can occur with autologous reconstruction procedures. Implant reconstruction is a good option for thin women who do not have adequate tissue for the flap-based reconstructions.
The disadvantages of the prosthesis-based approaches relate to the inherent risks of having foreign material housed within the breast and the number of procedures that are required to reach the final desired aesthetic outcome. Implants pose risks of infection, leakage or rupture, extrusion, and scarring/fibrosis around the implant (capsular contracture), which can cause breast deformity and may ultimately cause significant breast pain [41] [42] [43] . The use of the tissue expander requires weekly visits to the clinic to gradually fill the expander with saline before placement of the implant. Implant malfunction and size differences can occur, and patients may require additional operative procedures years after their initial reconstruction surgeries.
The ultimate goal of any reconstruction is to achieve symmetry with the opposite breast. It often is more difficult to match a larger, more ptotic breast with an implant. Contralateral breast manipulation is not uncommon, and a breast reduction or breast lift will improve symmetry in patients with large or ptotic breasts. It is not uncommon to do a contralateral breast augmentation in women with smaller breasts to improve symmetry following implant reconstruction [31] . Implant-based reconstruction often is an excellent option for patients who will undergo bilateral mastectomies following their breast cancer diagnosis, due to the inherent ease of obtaining symmetry with bilateral as opposed to unilateral reconstruction.
Autologous Reconstruction
This approach utilizes the patient's skin, underlying adipose tissue, or muscle, to recreate a natural-appearing breast, which is similar in size, consistency, and form to the patient's native breast [27•, 28-31, 46] . The two most common donor sites include the lower abdomen and the back. Autologous tissue transfer is an excellent option for patients who have had radiation to the chest wall as part of their cancer treatment, likely due to the robust vascularity and improved propensity for healing that the tissue flap provides [47•] .
Aesthetic results following autologous tissue transfer often are excellent, and this approach allows for the creation of a breast mound that closely resembles the soft, ptotic natural breast in appearance and texture. It can be particularly beneficial to women undergoing unilateral mastectomy because of the symmetry between the natural, contralateral breast and the reconstructed breast. Flap-based reconstruction also can be performed in women with bilateral mastectomies with excellent outcomes [48] [49] [50] .
The advantages of autologous tissue reconstruction include the transfer of vascularized skin, muscle, and fat to provide coverage and volume, which is especially beneficial in previously irradiated patients. When this eliminates the need for implants, foreign body-related complications are eliminated and fewer procedures are typically required to complete the process.
The disadvantages of autologous reconstruction include potential donor-site morbidity and the risk of flap loss. Complications can include chronic pain, asymmetry, reduced function, and abdominal wall complications, such as hernia/bulges or weakness [46] . The procedures tend to be longer, with longer recovery times. These potential complications need to be taken into consideration when choosing the most appropriate procedure for any given patient. The importance of patient selection and risk stratification cannot be understated.
The success of the autologous tissue flap depends on the ability to retain perfusion of the transferred tissue, and there are two strategies that can be used to maintain the blood supply. The first approach is to harvest the flap without disrupting its native vascular supply and carefully dissecting out the vessels leading to the flap as a vascular "pedicle" [27•, 28-31] . The flap is then tunneled to the defect under the skin and subcutaneous adipose tissue and positioned and secured to the chest wall to create a breast mound. The pedicled flap must be harvested from sites in close proximity to the chest wall defect, and the lower abdomen and upper back are the donor sites for these pedicled flaps, i.e., the transverse rectus abdominis myocutaneous (TRAM) flap based on the superior epigastric vessels [51] and the latissimus dorsi myocutaneous flap based on the thoracodorsal vessels [52] .
Alternatively, "free" tissue flaps can be harvested from a variety of donor sites. This approach involves identifying, isolating, and ligating the vessels that supply the desired skin, subcutaneous adipose tissue, and muscle [46] . The flap is then transferred to the fill the chest wall defect and anastomosed to recipient vessels in proximity to the defect using microsurgical techniques. The choice of the recipient vessels depends on the anatomy present after the mastectomy. The internal mammary or thoracodorsal vessels are more commonly used. The ability to use free tissue flaps for breast reconstruction expands the potential donor sites available to the patient, which is important for patients who have had prior surgeries that may have affected the vascular supply to a given flap. Depending on a patient's body habitus, certain donor sites are inherently better suited than others to provide adequate subcutaneous tissue and volume for the transferred flap. The main free flaps that are used for breast reconstruction include the free TRAM, the DIEP (deep inferior epigastric perforator), and SIEA (superficial inferior epigastric artery) flaps, all of which are based on the inferior epigastric vessels of the lower abdomen. Additional flaps include the Rubens flap, based on the deep circumflex iliac pedicle, the ALT (anterior lateral thigh) flap, based on the descending branch of lateral femoral circumflex artery, the TUG (transverse upper gracilis) flap, supplied by the medial femoral cutaneous artery, and the gluteal flaps, based either on the superior or inferior gluteal arteries and veins.
Abdominal Flap Options
The abdomen typically has adequate skin and subcutaneous tissue to provide coverage and volume replacement after mastectomy. Additionally, harvesting of the abdominal wall tissue is performed in a manner similar to a cosmetic abdominoplasty, and many patients are pleased with this additional aesthetic benefit. The pedicled and free TRAM flaps are considered by many plastic surgeons to be the firstline flaps for breast reconstruction, because they have a predictable vascular anatomy, can be reliably harvested, and have excellent aesthetic outcomes (Fig. 2) [46, 51, 53] . The free TRAM is particularly advantageous over its pedicled counterpart, because it is based on the inferior epigastric vessels, which provide a more robust blood supply to the transferred flap and therefore reduce the risk of partial flap loss.
The TRAM flaps tend to be plagued by the postoperative development of abdominal hernias, as a result of the weakened abdominal wall after harvesting of the rectus abdominis [31, 51] . Recent improvements have led to the development of the muscle-sparing TRAM and perforatorbased DIEP-and SIEA-free flaps, which minimize or eliminate the harvesting of muscle at the donor site, thus decreasing donor site complications compared with the TRAM flap [54, 55] .
Latissimus Dorsi Flap
Unlike the abdomen, the back usually does not have sufficient subcutaneous tissue required to recreate the breast mound with a latissimus myocutaneous flap alone, and this flap most often is used as a combination approach along with tissue expanders/implants to reconstruct the breast (Fig. 3) . The main advantages of this type of reconstruction include the reliability and predictability of the flap and the absence of significant donor-site morbidity even in high-risk patients [56] [57] [58] . The most common complication is the development of a donor site seroma in almost 50 % of patients. The latissimus dorsi is a useful option in obese patients and an extended autologous flap can be used without an implant to match a decent-sized contralateral breast in certain patients. Whereas the abdomen and upper back are the most common donor sites, other free flap options include the gluteal flaps (SGAP, IGAP), TUG flap, and Rubens flap. These flaps are generally considered when patients are not candidates for the abdominal-based or latissimus dorsi flaps. The gluteal flaps are advantageous, because most patients will have tissue available for transfer; however, these are technically challenging flaps to raise and donor site deformity can be significant. The Rubens flap contains the fatty region generally described as the hip and is based on the deep circumflex iliac vessels. The closure of the abdominal wall defect after flap harvest can be challenging and probably limits the use of this particular approach. The TUG flap uses tissue from the inner thigh and is usually used for patients who have had previous abdominal surgery, inadequate skin or tissue at the other donor sites, or for those that desire a "thigh lift" as an additional component of their reconstructive procedure. These flaps are all considered tertiary types of breast reconstruction.
When to Reconstruct?
The timing of breast reconstruction is either at the time of mastectomy (immediate) or at a later stage (delayed). The decision depends on individual patient characteristics, whether or not the patient will be treated with radiation, as well as the preferences of both the patient and surgeons [59] . In general, immediate reconstruction with skin-sparing mastectomy is safe and results in improved patient psyche and aesthetic outcomes. Delayed reconstruction is indicated if patients will require postmastectomy radiation as part of their cancer treatment, if patients do not have access to reconstruction for scheduling issues, or if the patient is unable to tolerate a long procedure at that time. Several reports have indicated that it is best to delay breast reconstruction until radiation therapy is complete, because the presence of the reconstructed breast can interfere with radiation efficiency and the ability to target the chest wall [47•] . In addition, radiation to the reconstructed breast results in tissue damage, disfigurement, and can precipitate complications in both flap-based and implant-based reconstructions [60] . It is preferred to defer autologous abdominal tissue reconstruction until completion of radiation therapy. In general, reconstruction often is delayed for 6-12 months after radiation therapy is complete to allow tissue healing and to appreciate fully the extent of postradiation damage to the tissue. Alternatively, tissue expanders can be placed at the time of mastectomy to maintain the skin envelope during radiation therapy, and the reconstruction delayed until after radiation is complete as a "delayed-immediate" approach [47•, 61] . This also preserves the option of implant reconstruction if the skin envelope is favorable, especially for younger patients with smaller breasts and bilateral mastectomy defects.
Reconstructing the Partial Mastectomy Defect
The option to reconstruct partial mastectomy defects in patients who undergo breast conservation therapy (BCT) also has become more popular recently [26, 29, 62•, 63-65] . This is performed in an attempt to maximize the amount of tissue resected and minimize the potential for a poor cosmetic result. The two main options are local tissue rearrangement, such as reduction and mastopexy techniques or a local flap. This often is referred to as the oncoplastic approach and is designed to achieve complete oncologic resection while retaining the aesthetic appearance of the breast. The oncoplastic reduction techniques are more common in this country, because BCT in patients with macromastia often will result in radiation dosing inhomogeneity Fig. 3 A 64-year-old woman with moderate ptosis underwent a mastectomy and TRAM flap reconstruction. A contralateral reduction was performed for symmetry and the TRAM flap was able to match a natural opposite breast and poor cosmesis. The benefits are that resections will be more generous; additional tissue is typically removed with the potential advantage of fewer positive margins and subsequently lower recurrence rates. It also allows reduction of the opposite breast with tissue sampling, and the benefits of smaller breasts for women with symptomatic macromastia. Careful planning of the lines of surgical resection allow the tumor to be removed along with the excess breast tissue and local tissue rearrangements within the breast mound fill the defect after resection [63] .
Oncoplastic reduction combined with radiation has been shown to be oncologically safe with improvement in the appearance of the breast after resection [64, 66, 67] . The type of reduction technique depends on the size and location of the tumor within the breast and the size of the breast itself. Patients with large, pendulous breasts are usually the best candidates for this approach, although oncoplastic reduction has been successful in some women with small-to medium-size breasts and comparatively smaller tumor volumes [68] . Additionally, induction chemotherapy can be used to shrink the tumor before resection to improve tumor:breast volume ratios [69] . As with other BCTs, all patients opting for oncoplastic reduction as a treatment for their breast cancer also will require radiation therapy after resection to improve oncologic outcomes [65, 70] . Therefore, this procedure may not be an option for pregnant patients or women who have had prior radiation to the same chest wall and therefore are poor candidates for further radiation therapy. Women with smaller breasts who do not have enough tissue remaining following the lumpectomy to reshape the mound often will require local flap reconstruction of their partial mastectomy defect if a poor cosmetic result is anticipated. The latissimus dorsi flap is a workhorse flap for this indication but is at the expense of using up a potential reconstructive option if completion mastectomy is ever required. The potential for positive margins should always be discussed with the patient and needs to be taken into consideration when choosing and designing the partial breast reconstructive technique.
Conclusions
There are many reconstructive options available to women who will require partial or total mastectomy as a component of their breast cancer therapy. The patient will ideally learn about her reconstructive options before undergoing mastectomy, and conversations among the patient, breast surgeon, and reconstructive surgeon will guide the decisions related to the type of mastectomy and the type of reconstruction that will give the best functional and aesthetic outcomes for the patient.
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